Abstract. During the early Pliocene, two major tectonic events triggered a profound reorganization of ocean and atmospheric 8 circulation in the Eastern Equatorial Pacific (EEP), the Caribbean Sea, and on adjacent land masses: the progressive closure 9 of the Central American Seaway (CAS) and the uplift of the northern Andes. These affected amongst others the mean 10 latitudinal position of the Intertropical Convergence Zone (ITCZ). The direction of an ITCZ shift however is still debated, as 11 numeric modelling results and paleoceanographic data indicate shifts in opposite directions. To provide new insights into this 12 debate, an independent hydrological record of western equatorial South America was generated. Vegetation and climate of this 
Introduction 25
The Pliocene epoch is characterized by some profound tectonic processes which altered oceanic and atmospheric circulation 26 Pliocene. On the contrary, results from numerical modelling suggest a northward shift of the ITCZ in response to CAS closure 44 (Steph et al., 2006b ) and Andean uplift (Feng and Poulsen, 2014; Takahashi and Battisti, 2007) . 45 An independent record of the terrestrial hydrology for the early Pliocene from a study site that is sensitive to latitudinal ITCZ 46 shifts could provide new insights to this debate. Schneider et al. (2014) also stress the need of reconstructions of the ITCZ in 47 
56
The second major tectonic process is the uplift of the Northern Andes which strongly altered atmospheric circulation patterns 57 over South America. Three major deformation phases include fan building in the lower Eocene to early Oligocene, compression 58 of Oligocene deposits in the Miocene and Pliocene, and refolding during Pliocene to recent times (Corredor, 2003) . While the 59 uplift of the Central Andes is well investigated, only few studies deal with the timing of uplift of the Northern Andes. Coltorti 60 and Ollier (2000) , based on geomorphologic data, conclude that the uplift of the Ecuadorian Andes started in the early Pliocene 61 and continued until the Pleistocene. More recent apatite fission track data indicate that the western Andean Cordillera of 62
Ecuador was rapidly exhumed during the late Miocene (13-9 Ma) (Spikings et al., 2005) . Uplift estimates for the Central 63 Andes suggest that the Altiplano had reached less than half of its modern elevation by 10 Ma, with uplift rates increasing from 64 0.1 mm/yr in the early and middle Miocene to 0.2-0.3 mm/yr to present. For the Eastern Cordillera of Colombia, elevations 65 of less than 40% of the modern values are estimated for the early Pliocene, then increasing rapidly at rates of 0.5-3 mm/yr 66 until modern elevations were reached around 2.7 Ma (Gregory-Wodzicki, 2000). Both the tectonic events and the closure of 67 the Central American Seaway are assumed to have had a large impact on ocean and atmospheric circulation in the eastern 68 Pacific, the Caribbean and on adjacent land masses. Therefore, the reconstruction of continental climate, especially hydrology, 69 will contribute to our understanding of climatic changes in this highly complex area. 70
To better understand the early Pliocene vegetation and hydrology of western equatorial South America we studied pollen and 71 spores from the early Pliocene section (4.7-4.2 Ma) of the marine sediment record at ODP Site 1239 and compared this record 72 to Holocene samples from the same Site. While other palynological studies of the region have been conducted for the mid- precipitation to the northern coastal plain (Balslev, 1988) . In contrast, the coastal areas of southernmost Ecuador and northern 110 Peru are under the influence of the cold Humboldt Current which transports cold and nutrient rich waters and gives rise to a 111 long strip of coastal desert. The westwards flow of the cold surface waters of the EEP CT to the western Pacific via the South 112 Equatorial Current (SEC) is driven by the Walker Circulation. Warm waters return eastwards via the North Equatorial 113 Countercurrent (NECC, see Fig. 2 ). An abrupt transition between the cold SEC and the warm NECC is the Equatorial Front 114 (EF). 115
Geography, vegetation and pollen transport 116
The study area is geographically divided into three main regions: the coastal plain with several rivers draining into the Pacific, 117 the Andes, and the eastern lowlands which constitute the western margin of the Amazon Basin. The mountains form two 118 parallel cordilleras which are separated by the Interandean Valley. The diverse vegetation is the result of the combined effects 119 of elevation and precipitation. In the coastal plain there is an abrupt shift from tropical lowland rainforests in the north to a 120 desert dominated by annual xerophytic herbs in the south. This shift reflects the dependence of the vegetation on precipitation 121 which ranges from 100 to 6000 mm per year on the coastal plain. The western slopes of the Andes are covered by montane 122 forest, which is partly interrupted by drier valleys in southern Ecuador (Balslev, 1988) . 123 Along the coast, mangrove stands occur in the salt-and brackish-water tidal zone of river estuaries and bays. They are formed 124 by two species of Rhizophora (R. harrisonii and R. mangle), and to a lesser extent Avicennia, Laguncularia, and Conocarpus 125 are present (Twilley et al., 2001 ). The lowland rainforest is characterized by the dominant plant families Fabaceae, Rubiaceae, 126
Palmae, Annonaceae, Melastomataceae, Sapotaceae, and Clusiaceae in terms of species richness. In the understory, Rubiaceae, 127
Araceae, and Piperaceae form the predominant elements (Gentry, 1986 
Methods 155
46 sediment samples of 10 cm³ volume were taken at 67 cm intervals on average from ODP Hole 1239A (cores 33X5-37X1). 156
Additionally, two core top samples were taken from ODP Hole 1239B as modern analogues. Standard analytical methods were 157 used to process the samples, including decalcification with HCl (~10%) and removal of silicates with HF (~40%). Two tablets 158 of exotic Lycopodium spores (batch #177,745 containing 18584 ± 829 spores per tablet) were added to the samples during the 159 decalcification step for calculation of pollen concentrations (grains/cm³). After neutralization with KOH (40%) and washing, 160 the samples were sieved with ultrasound over an 8μm screen to remove smaller particles. Samples were mounted in glycerin 161 and a minimum of 100 pollen/spore grains (178 on average) were counted in each sample using a Zeiss Axioskop and 400x 162 and 1000x (oil immersion) magnification. Table AT3 ). 175
Elemental concentrations (total elemental counts) of Fe and K were measured in high resolution (every 2 cm) using an 176 Avaatech TM X-Ray Fluorescence (XRF) Core Scanner at the Alfred-Wegener-Institute, Bremerhaven. Both Holes A and B of 177 ODP Site 1239 were sampled. A nondestructive measuring technique was applied, allowing rapid semi-quantitative 178 geochemical analysis of sediment cores (Richter et al., 2006) . Several studies comparing XRF core scanner data to geochemical 179 measurements on discrete samples showed that major elements such as Fe, Ca, and K can be precisely measured with the 180 scanner in a non-destructive way (e.g. Tjallingii et al., 2007) . 181
Results 182
Five groups were established with pollen taxa grouped according to their main ecological affinity (Table 1 ). The groups 183 páramo, upper montane forest, lower montane forest, and lowland rainforest represent vegetation belts with different altitudinal 184 ranges (Hooghiemstra, 1984) . To track changes of humidity, an additional group named "Indicators of humid conditions" was 185
established. This group includes those taxa which permanently need humid conditions to grow. Changes of the pollen 186 
216
Clim 
Description of the páramo 238
The pollen spectrum from the páramo at ODP Site 1239 includes three different taxa which are mainly confined to the páramo: 239 the pollen type Polylepis/Acaena, and the fern spores Huperzia and Jamesonia/Eriosorus. Other taxa which are characteristic 240 of páramos, but cannot be exclusively attributed to this ecosystem because of their broad range occurrence were not included 241 in the páramo sum (e.g. Asteraceae, Poaceae). The páramo sum constitutes up to 7% of the total pollen and spore sum, with 242 the highest fractions found at 4.24 and 4.61 Ma, and lowest fractions around 4.23 and 4.59 Ma (Fig. 4) . The pollen and spores 243 types constituting the páramo show similar trends (Fig. 5) , which supports the assumption of their common provenance. 244 show a similar pattern of expansion and retreat over time, with an increase in pollen zone I, a maximum in pollen zone II, 277 retreat in pollen zone III, and another maximum in pollen zone IV. It is known from other Andean pollen records (e.g. 278
Hooghiemstra and Ran (1994)) that vegetation belts forced by temperature follow a pattern of opposing expansion and retreat. 279 Such a pattern is seen here in the upper montane forest and the páramo belt (Fig. 5) , but the more general pattern which 280 comprises all vegetation belts seems to reflect changes in hydrology rather than temperature. In this respect, a synchronous 281 increase/decrease in all vegetation belts is interpreted to reflect more humid/less humid conditions. 282
Development of the coastal vegetation 283
Pollen zones I and IV show an expansion of coastal desert herbs (Amaranthaceae, Fig. S1 ), which coincides with low SSTs at 284 ODP Site 846 in the EEP, suggesting an influence of the Humboldt Current on the coastal vegetation of southern Ecuador. 285 Remarkably, the lowland rainforest and the coastal desert herbs follow a similar trend. This seems odd at the first glance, but 286 a possible mechanism to explain this pattern would invoke effects of El Niño. The main transport agent for pollen in this region 287 are rivers, but in the coastal desert area of southern Ecuador and northern Peru, fluvial discharge rates are low (Milliman and 288
Farnsworth, 2011). Therefore, pollen might be retained on land until an El Niño event causes severe flooding in the coastal 289 areas (Rodbell et al., 1999 ) and episodically fills the rivers which transport the pollen to the ocean. The effects of El Niño seem 290 to be strongest in pollen zones I and IV where pollen percentages of the lowland rainforest and coastal desert herbs, but also 291 the upper montane forest, fluctuate most strongly. The lowland rainforest of the coastal plain further north is within the present-292 of maximum opal accumulation rates from ODP Site 850 to ODP Site 846 (Galápagos region), caused by a shift in the 315 availability of nutrients, which is possibly related to increased trade wind strength after 4.4 Ma. Besides being influenced by 316 hydrological changes and wind strength, the upper montane forest and the páramo also respond to temperature changes. 317
Expansions of the upper montane forest combined with retreats of the páramo coincide with higher sea surface temperatures 318 in the EEP (ODP Site 846, Fig. 7 ). Warmer atmospheric temperatures cause an expansion of the upper montane forest to higher 319 altitudes, resulting in a reduction of the area occupied by páramo and therefore the decline of páramo pollen. On the other 320 hand, higher sea surface temperatures cause higher evaporation and thus higher orographic precipitation in the western Andean 321 Cordillera which might also play a role. 322 The Fe/K ratio therefore seems to be an adequate tracer of fluvial input at this study site. The trend of Fe/K is similar to the 338 pattern of humidity inferred from the pollen spectrum, showing the highest values around 4.46 Ma, thus supporting the 339 hydrological interpretation of the pollen record. 340
Development of the páramo and implications for Andean uplift 341
In order to use páramo vegetation as an indicator for Andean elevation, the altitudinal restriction of the páramo taxa to 342 environments above the forest line is a prerequisite. Although no true páramo endemics occurred in the marine samples, or 343 
